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THE INFLUENCE OF WING SETTING ON THE WING LOAD AND ROTOR SPEED OF 
A PCA-2 AUTOGIRO AS DETERMINED IN FLIGHT 

By John B. Wheatley 



SUMMARY 

Flight tests were made on a PCA-2 autogiro with wing 
settings of 2.2°, 0.9°, and —0.5°. The wing load and 
rotor speed were measured in steady glides. The results 
obtained shoiv that a wide variation in rotor speed as a 
function of air speed can be obtained by a suitable adjust- 
ment of the wing setting; that by decreasing the wing set- 
ting the upper safe flying speed, determined by the decrease 
in rotor speed, is greatly increased; and that the interfer- 
ence of the wing on the rotor thrust and lift coefficients is 
negligible. The prediction of autogiro wing loads is 
assisted by the data gireti in this pa jar. 

INTRODUCTION 

During the flight tests on a PCA-2 autogiro (refer- 
ences 1 and 2) it was found that at an air speed of 
about 140 miles per hour the rotor speed decreased to 
a value (100 r. p. m.) that approached the lowest safe 
operating condition. A restrictive limit upon the safe 
diving speed of the machine was thus imposed and 
flight at high air speeds was made somewhat hazardous. 
An examination of the previously obtained information 
concerning the division of load between rotor and wing 
(reference 2) disclosed that the rotor was carrying only 
60 percent of the weight at high speed, the remainder 
being carried by the fixed wing. This condition was 
thought to be the major cause of the decrease in rotor 
speed. 

Although the trend of the design of modern small 
autogiros is toward the elimination of the fixed wing, 
in larger sizes it will probably remain to support the 
landing gear and possibly to increase the efficiency. 
The wing load is not easily predicted because there are 
no quantitative data on either rotor downwash or 
rotor-wing interference. The effects of successive 
changes in wing setting on the wing load and rotor 
speed were therefore determined. The wing setting 
was made adjustable on the ground by alterations in 
the wing-root fittings, and pressure-distribution meas- 
urements of the fixed wing loads at different wing set- 
tings were obtained in flight tests. The information 
obtained in these tests should be of material use in the 
prediction of the wing load and rotor speed of a given 
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design. This paper presents the results of the tests 
conducted by the National Advisory Committee for 
Aeronautics at Langley Field, Va., in 1933 and 1934. 

APPARATUS AND METHODS 

The autogiro used in these tests was a standard Pit- 
cairn PCA-2 (references 1 and 2) except that altera- 
tions were made in the wing-root fittings so that the 
angle of wing setting i Wf measured with reference to a 
plane perpendicular to the rotor axis, was adjustable 
on the ground. The fittings were modified in such a 
manner that wing settings of 2.2°, 0.9°, and —0.5° 
could be obtained. 

The required measurements in flight were obtained 
by the standard N. A. C. A. photographic-recording 
instruments. The wing normal force on one wing 
panel was determined by pressure-distribution meas- 
urements; the other panel loads were not measured 
because in reference 2 it had been found that the two 
wing panel loads were very nearly equal. Dynamic 
pressure was measured by an air-speed recorder con- 
nected to a swiveling pitot-static head mounted on a 
boom projecting ahead of the fixed wing; recorded 
values were corrected by calibrating the installation 
against a trailing pitot-static head suspended beneath 
the machine. Attitude angle was recorded by a pendu- 
lum-type inclinometer, changes in static pressure by a 
recording statoscope, and rotor speed by visual obser- 
vations of an electric tachometer driven by the rotor. 
The air density for each run was determined by a 
visual observation of the pressure altitude on an indi- 
cating altimeter and by observing ground temperature 
and assuming a temperature gradient of —3° F. per 
thousand feet of pressure altitude. 

The flight tests consisted of a series of steady glides 
with the propeller stopped in a vertical position and 
with the successive wing settings of 2.2°, 0.9°, and 
— 0.5°. During these tests the rotor speed and wing 
pressure distribution were measured; the rotor speed 
was obtained from a time history of rotor revolutions. 
As the data obtained on rotor speeds were inconsistent 
with existing data (reference 2) on a wing setting of 
3.6°, it was decided to obtain rotor speeds from visual 

l 
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observations of an electric tachometer connected to the 
rotor and to use the rotor speeds so obtained in the 
test data instead of using the values obtained from the 
rotor counter. Auxiliary tests were made at wing 
settings of 2.2°, 0.9°, and —0.5° in which the air-speed 
head was calibrated against a trailing pitot-static head. 
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Figure 1. 



-Effect of wing setting on the rotor speed of a TCA-2 autogiro as a 
function of airspeed. 

RESULTS 

Rotor speeds were corrected to a density of 0.00210 
slug per cubic foot by the relation that the rotor speed 
varies inversely with the square root of the relative 
density. Figures 1 and 2 show the rotor speeds, ob- 
tained from the electric tachometer, plotted against 
indicated air speed and tip-speed ratio, respectively. 
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Figure 2.— Effect of wing setting on the rotor speed of a TC'A-2 autcgiro as a 
function of tip-speed ratio. 

The percentages of the total lift carried by the wing 
at each wing setting are shown in figure 3 as functions of 
the tip-speed ratio. Wing lift coefficient is plotted in 
figure 4 for each wing setting. Figure 5 shows the in- 
dicated vertical velocities as functions of the indicated 
air speed. An effective angle of attack of the fixed 
wing, obtained as the quotient of the wing lift coeffi- 



cient and the calculated wing lift-curve slope, is plotted 
in figure 6. The calculated lift-curve slope a w was 
assumed to be the slope of a wing of the same aspect 
ratio and section, arbitrarily reduced by 5 percent to 
allow for wing-fuselage interference. The downwash 
at the wing, which was assumed to be the difference 
between the angle of the wing to the undisturbed air 
stream and this effective angle of attack, is shown in 
figure 7. The rotor lift and thrust coefficients are 
shown in figures 8 and 9, respectively, as functions of 
the tip-speed ratio. The rotor forces were calculated 
on the assumption that the load on the rotor was the 
total weight less the amount carried by the wing. 

PRECISION 

Accidental errors, as reflected in the dispersion of 
the experimental points, have no serious influence on 
the faired curves. The probable experimental error in 
the faired curves is estimated to be: 

N r ' ±1 r. p. m. 

Vi ±1 percent.. 

M ±2 percent. 

Wing loads ±3 percent. 

Cl w (below maximum Cl w ) ±3 percent. 

Vy t ±5 percent. 

Ct ±3 percent. 

Cl t ±3 percent. 
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Figure 3.— Change of wing load of a PCA-2 autogiro w ith wing setting. 



DISCUSSION 

The data obtained in these tests were intended to 
supplement the information on wing loads contained 
in reference 2. A comparison of the data showed, 
however, that the wing load at a wing setting of 3.6° 
(reference 2) was actually smaller at some tip-speed 
ratios than the load obtained at a wing setting of 2.2°. 
This discrepancy can be partly explained by the differ- 
ences in the test procedure and in the condition of the 
wing root. The tests in reference 2 were made with 
an idling propeller and with the wing root in its original 
condition; whereas the tests here reported were made 
with a stopped propeller, and with the wing root altered 
to permit the change in wing setting by the addition of 
a small fairing that slid up and down the side of the 
fuselage. The discrepancy in the wing-load results 
could have been caused by these two tests differences, 



THE INFLUENCE OF WING SETTING OF A PCA-2 ATJTOGIRO 



3 



since the form of the wing root and the air-flow con- 
ditions at that point are critical factors insofar as the 
wing lift coefficient is concerned. 

The influence of wing setting upon rotor speed is 
clearly illustrated in figures 1 and 2. A change in the 
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Figure 4— Influence of wing setting on the wing lift coefficient of a rCA-2autogiro' 



wing setting from 2.2° to —0.5° resulted in a change in 
the rotor speed at 130 miles per hour from 120 r. p. m. 
to 155 r. p. m.; by extrapolation of the curves shown in 
figure 1 it can be seen that at —0.5° wing setting the 
rotor speed will be greater than 100 r. p. m. at 180 miles 

indicated air speed, Vi , m.p.h. 
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Figure 5— Vertical velocity of a PCA-2 autogiro in a steady glide as affected by 
wing setting. 

per hour. The value of 100 r. p. m. is assumed from 
experience to be the lowest safe operating speed. 

A comparison of figure 3 with figure 2 establishes 
the correlation between wing load and rotor speed; 
successive decrements of the wing load are shown to 
correspond to successive and approximately propor- 
tional increments in the rotor speed. 



The wing lift coefficient C Lw shown in figure 4 varies 
in the expected manner with wing setting. The low 
values of maximum CL_ for i w =0.9° and —0.5° are 



o 
4S 





























































---0.5° 
-- 0.9°- 










\ 
















- 2.2° 


















































\ 


































\ 


\ 



































































































.2 



.3 .4 .5 
Tip -speed ratio, jul 



. 7 



.6 



Figure 6.— Effective wing angles of attack of a PCA-2 autogiro. 



thought unimportant. The angle of attack changes 
rapidly in the range where the maximum C Lw occurs, 
and the number of points obtained in this range was 
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Figure 7.— Rotor downwash angles at wing of a PCA- 2 bi j t< giro. 



.8 



probably insufficient definitely to determine (he 
maximum lift in each condition. 

Figure 5 discloses that the measurements of vertical 
velocity by the recording statoscope are, unfortunately, 
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Figure 8.— Thrust coefficient of a PCA-2 autogiro rotor as affected by wing setting. 



not sufficiently accurate to indicate the changes in per- 
formance caused by changing the wing setting. The 
wing would be expected to carry its load more effi- 
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ciently than the rotor; consequently the perform;) nee 
of the autogiro should be affected adversely by shifting 
load from the wing to the rotor. This effect is, however, 
apparently smaller than the dispersion of the points 
on the vertical velocity curves and therefore cannot 
be evaluated. 

The angles of attack of the wing shown in figure 6 
are not entirely consistent with the changes in wing 
setting. The discrepancies are, however, small enough 
to be considered part of the experimental error, so 
that the results of the figure support the hypothesis 
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Figure 9.— Lift coefficient of a PCA-2 autogiro rotor as affected by wing setting. 

that the change in the wing angle of attack is equal to 
the change in wing setting. 

In order that the results of these tests should be of 
general use, the rotor down wash angles have been cal- 
culated and are shown in figure 7. Identical curves 
should have been obtained for the three wing settings 
Bince the rotor lift coefficient at a given tip-speed 
ratio appears not to have been affected by the fixed 
wing. Results for the wing setting of 2.2°, however, 
are not in accord with those for the other two settings 
and are inconsistent in that they show a decreasing 
downwash angle with decreasing y. (increasing rotor 



lift coefficient) over a portion of the range covered. 
The correct curve is probably a weighted mean of the 
three curves shown. 

Figures 8 and 9 are considered of interest because 
they establish the fact that the wing has, over a wide 
range, a negligible interference effect on the rotor within 
the limits of experimental error. It also appears that 
the scale of the rotor, considered proportional to the 
product of its tip speed and predominating chord, is 
large enough so that an increase in the scale of 35 per- 
cent (a change in N/ from 118 r. p. m. to 155 r. p. m.) 
has no appreciable influence on its lift and thrust 
coefficients. 

CONCLUSIONS 

1. A wide variation of rotor speed as a function of 
air speed may be obtained by suitable adjustments of 
the wing setting. 

2. It is possible by a suitable adjustment of the wing 
setting to increase the air speed at which the rotor 
speed of the PCA-2 autogiro becomes dangerously low 
(less than 100 r. p. m.) from 140 miles per hour to about 
180 miles per hour. 

3. The interference of the wing on the autogiro rotor 
is negligible insofar as the thrust and lift coefficients 
are concerned. 



National Advisory Committee for Aeronautics, 
Langley Memorial Aeronautical Laboratory, 
Langley Field, Va., December 28, 193^. 

REFERENCES 

L Wheatley, John B.: Lift and Drag Characteristics and 
Gliding Performance of an Autogiro as Determined in 
Flight. T. R. No. 434, N. A. C. A., 1932. 

2. Wheatley, John B.: Wing Pressure Distribution and Rotor- 
Blade Motion of an Autogiro as Determined in Flight. 
T. R. No. 475, N. A. C. A., 1933. 



<J. S GOVERNMENT PRINTING OFFICE 1935 




V 

z 

Positive directions of axes and angles (forces and moments) are shown by arrows 
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Roll 
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Pitching 

Yawing 


Pitch 

Yaw 


Normal 









Absolute coefficients of moment 
L 
'qbS 

(rolling) (pitching) 



01- 



l ~~qcS 



(yawing) 



Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



4. PROPELLER SYMBOLS 



D y Diameter 
p, Geometric pitch 
p/D, Pitch ratio 
V', Inflow velocity 

Slipstream velocity 



v„ 

T, 

Q, 



Thrust, absolute coefficient C T - 
Torque, absolute coefficient C Q * 



T 
' pn 2 D* 

. Q 



P, 

C 

v> 
n, 



Power, absolute coefficient C P =* — a™ 

Speed-power coefficient = -yj^i 
Efficiency 

Kevolutions per second, r.p.s. 
Effective helix angle = tan" 1 ( ^^^ 



P n 2 D* 

5. NUMERICAL RELATIONS 



1 hp. = 76.04 kg-m/s = 550 ft-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s. = 2.2369 m.p.h 



1 lb. = 0.4536 kg. 

1 kg = 2.2046 lb. 

1 mi. = 1,609.35 m = 5,280 ft. 

1 m = 3.2808 ft. 



